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Abstract: The nanostructured thin films have good physical properties, and could be used in the various applications such 
as capacitor, photo detector, ultra violet opto electronics, light emitting diode, photonic integrated circuit and solar cell 
applications. The successive ionic layer adsorption and reaction (SILAR) method is one of the common chemical deposition 
techniques. This method has many advantages such as the simplest & the cheapest method, and required low temperature 
deposition process. This is the first time, preparation of cobalt selenide thin films onto soda lime glass slide at room 
temperature in the presence of various complexing agents (ammonia, triethanolamine and ethylenediaminetetraacetic acid 
disodium salt). Characterization of thin films was carried by using x-ray diffraction, atomic force microscopy and UV-visible 
spectrophotometer. AFM analysis showed that the cobalt selenide thin films prepared in the presence of ammonia exhibited 
uniform and completely covered the entire surface area of substrate. XRD data confirmed that obtained thin films (using 
ammonia and triethanolamine) were polycrystalline with well-developed phases. Optical properties indicated the band gap 
values of all films were in the range of 1.8 to 2 eV, suitable to be used in solar cell applications. 






The study of the properties of nanostructured thin 
films has received great attention all over the world. These 
semiconductor materials were used in different applications 
including biomedical [1], electro luminescence devices [2], 
anti-microbial activity, photonic devices, gas sensing [3], 
optical devices, field emission devices [4], laser devices [5], 
solar cell [6-9] and electronic devices. Characterization has 
been done in order to investigate the structural, 
morphological, optical and compositional of obtained films. 
These tools including as x-ray diffraction, scanning electron 
microscopy, energy dispersive x-ray analysis, spectroscopic 
ellipsometry, Raman Spectroscopy [10], electrochemical 
impedance spectroscopy, profilometer, Rutherford 
backscattering spectrometry, scanning tunneling microscopy 
[11], and atomic force microscopy [12]. Several deposition 
techniques have been used to produce thin films. These 
deposition techniques including chemical bath deposition 
[13-15], electro deposition [16], evaporation method [17], 
pulsed laser deposition [18], Spray pyrolysis [19], RF 
Sputtering [20], molecular beam epitaxy, chemical vapor 
deposition, sol gel method [21], and SILAR. Among the 
various deposition techniques, the successive ionic layer 
adsorption and reaction (SILAR) deposition method is the 
most commonly used due to simple [22], inexpensive [23], 
convenient for large area deposition in low temperature [24].  
 
The main goal of this work is to investigate the 
influence of complexing agent (ammonia, triethanolamine 
and ethylenediaminetetraacetic acid disodium salt) on the 
cobalt selenide thin films deposited onto soda lime glass. 
Characterization of thin films by using X-ray diffraction, 
atomic force microscopy and UV-visible spectrophotometry 
was used for the first time. 
 
2 Experimental Details 
 
2.1 Preparation of Thin Films 
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In this experiment, cobalt (II) chloride hexahydrate 
(acted as a source of Co2+ ion) and sodium selenite (supplied 
Se2- ions) were used without further purification. Thin films 
were deposited onto soda lime glass slide via SILAR 
deposition method. The soda lime glass slide was cleaned by 
acetone, and de-ionized water before use. During the 
deposition process, the glass substrate immersed in the 0.2 
M cationic solution (Co2+ ion) containing complexing agent 
for 35 seconds. After rinsing with de-ionized water for 6 
seconds, it was immersed in 0.2 M anionic solution (Se2- 
ions) containing complexing agent for 35 seconds. Then, 
rinsing with de-ionized water for 6 seconds again in order to 
remove the loose material on it. The sodium hydroxide 
(NaOH) and hydrochloric acid (HCl) were used to adjust pH 
value. Deposition was carried out at pH 3, at room 
temperature under different complexing agents such as (0.2 
M triethanolamine) TEA, (0.2 M ethylenediaminetetraacetic 
acid disodium salt) Na2EDTA and 0.2M ammonia. After the 
deposition process (after 18 cycles), the films were collected, 
rinsed by de-ionized water, and finally, put in the oven for 
24 hours.   
 
2.2 Characterization of Thin Films 
 
The X-ray diffraction analysis was done to investigate the 
structure properties of the films. This technique was carried 
out by using a Malvern Panalytical diffractometer for the 2q 
ranging from 10° to 80° with CuKα (λ = 0.15418 nm) 
radiation. The surface morphology, and roughness were 
analyzed by recording atomic force microscope (AFM) 
images with Bruker. The mode is Scanasyst peak force 
tapping. The cantilever is scanasyst-air (material: silicon tip 
on nitride lever with spring constants 0.4 N/m and resonance 
frequencies 70 kHz. The surface roughness was studied by 
on the Rq value. Rq is defined as the root mean square average 
of height deviation taken from the mean image data plane 
UV-visible spectrophotometer (Perkin Elmer UV/Vis 
Lambda 35) was used to investigate the optical properties of 
films. The thin films were placed across the sample radiation 
pathway while the cleaned microscope glass slide was put 
across the reference path. The band gap energy of the films 
was calculated based on the absorption data.   
 
3 Results and Discussions  
Thin film deposition techniques could be divided into 
two groups, namely physical technique and chemical 
method. One of the modern chemical deposition methods is 
called successive ionic layer adsorption and reaction 
(SILAR) method. SILAR method has many advantages [25] 
and can produce film thicknesses in the range of tenths of 
nanometers to several micrometers [26]. Researcher 
described that SILAR deposition technique comprised of 
two important processes [27], namely adsorption of ion onto 
the substrate and reaction of the adsorbed ion layer will be 
observed. During the deposition process, several processes 
could be observed [28, 29] such as dipping into cationic 
solution, rinsing in de-ionized water, dipping in an ionic 
solution and rinsing in de-ionized water. 
The atomic force microscopy (AFM) measurement 
was done to study the surface topology of prepared sample. 
The figure 1 indicated the atomic force microscopy image of 
SILAR deposited cobalt selenide thin films in the presence 
of ammonia. This image was measured over 1 µm X 1 µm 
scanning range, indicating three-dimensional view of the 
sample. Based on the AFM image, cobalt selenide films 
composed of closely packed uniform crystal. It has dense 
morphology, compact structure and covers the entire surface 
area of substrate. The grains (average diameter is 0.05 µm) 
are nearly in spherical in shape and quite small. Film 
thickness and roughness were 1.1 µm and 0.026 µm, 
respectively. Sapna and co-workers [30] highlighted that the 
nature of grains has less porous and consisting of small 
spherical grains. Spherical or grain shaped semiconductor 
materials are considered as unique properties in thin films. 




Fig. 1: Three-dimensional AFM view of SILAR deposited 
cobalt selenide thin films in the presence of ammonia. 
 
Figure 2 indicated the X-ray diffraction (XRD) 
pattern for the cobalt selenide thin films prepared in the 
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presence of ammonia. Based on the figure, the XRD pattern 
showed several diffraction peaks at 2q=24.5°, 28.7°, 33.9° 
and 37.8°, which can be indexed as reflection from the (022), 
(113), (004) and (133) plane of the cubic structure Co9Se8 
compound. Other researchers have reported similar findings 
(cubic cobalt selenide structure) in the literature [32, 33]. 
The obtained X-ray diffraction pattern was well matched 
with the standard Joint Committee on Powder Diffraction 
Standards (JCPDS) (Reference code: 98-004-4857) as 
indicated in Table 1. According to the JCPDS data, lattice 
parameter values are a=b=c=10.431 Å. The crystal system, 




Fig. 2: X-ray diffraction pattern for the cobalt selenide thin 
films prepared in the presence of ammonia. 
 
Table 1: Comparison of observed d-spacing values with 
standard d-spacing values of cobalt selenide thin films by 
using ammonia. 
 







24.5 022 3.6 3.6 
28.7 113 3.1 3.1 
33.9 004 2.6 2.6 
37.8 133 2.4 2.4 
Figure 3 indicates absorbance spectrum (in the wavelength 
of 300 to 1000 nm) of cobalt selenide thin films prepared in 
the presence of ammonia. Generally, the obtained sample 
showed high absorption in the visible range, which make 
these materials possible to use in the photo electrochemical 
cell and solar cells. Following that, absorbance reduces with 
the increasing of wavelength. A similar tendency was also 
seen by other researchers [34, 35]. The band gap was 
calculated based on the Stern equation which recommended 




	[𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛	1]	      
 
where v is the frequency, h is the Planck’s constant, k equals 
a constant while n carries the value of either 1 or 4. The n 
value is 1 for a direct gap material and 4 for indirect gap 
material. The plot of (Ahν)2 against hν is indicated in figure 
4. Extrapolation of the linear portion of the curve to 
(Ahν)2=0 produce the band gap energy. The band gap was 
calculated to be 1.8 eV. These semiconductor materials 
could be used in solar cell applications because of direct 
band gap between 1 to 2 eV [43, 44]. Other scientist groups 
have reported similar band gap values (Table 2) for the 
cobalt selenide thin films prepared under various deposition 
techniques including chemical bath deposition, electro 
deposition, magnetron sputtering method and mechano 
chemical method.  
 
Fig. 3: Optical absorbance spectrum of cobalt selenide thin 
films prepared in the presence of ammonia. 
 
 
Fig. 4: Plot of (Ahv)2 against (hv) of cobalt selenide thin 
films prepared in the presence of ammonia. 
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Table 2: Band gap energy of cobalt selenide thin films 
prepared under different deposition techniques.  
 
Remarks Band gap 
value (eV) 
Thin films were produced onto glass 
substrate by using chemical bath 
deposition method in the presence of 
ammonia, cobalt (Ii) acetate and sodium 
selenosulphite as reported by Ghobadi and 
co-workers [45]. 
1.8 to 3.6 
Thin films were synthesized onto tin oxide 
glass substrate via electro deposition 
and 3 SeO2technique in the presence of H
solutions as described by 2 COO)3Co(CH
Liu and co-workers [46]. 
1.53 
Thin films were prepared onto non-
conducting micro glass slide through 
chemical bath deposition method, in the 
presence of cobalt nitrate, ammonia and 
sodium selenosulphate as highlighted by 
[47].workers -Muddsar and co 
1.7 
Thin films were produced using 
magnetron sputtering method as pointed 
out by Zhu and co-workers [48]. 
1.53 
Thin films were synthesized onto tin oxide 
coated glass by using electrodeposition 
method as concluded by Wang and co-
workers [49]. 
1.53 
Thin films were grown using the 
mechanochemical method as reported by 
Nina and co-workers [50]. 
1.7 
 
The figure 5 exhibited the 3-dimensional atomic 
force microscopy image (1 µm X 1 µm scanning range) of 
SILAR deposited cobalt selenide thin films with the 
addition of triethanolamine (TEA). The AFM image 
showed the prepared films have non-uniform (0.03 to 0.1 
µm) surface and cover the entire surface area of substrate. 
The formation of films modeled as mixture of small and big 
nano-grains. Film thickness and roughness were about 1.2 
µm and 0.0245 µm, respectively. The influence of 
triethanolamine on the surface roughness and 
morphological properties of films have been studied by 
many researchers. Manikandan and co-workers [51] have 
reported that FeS films prepared by using 0.15 M TEA 
showed excellent structure. Preetha and co-workers [52] 
have highlighted that densely packed with bigger grains for 
the films prepared using TEA. Kishorkumar and co-
workers [53] have pointed out that several obvious 
differences in morphology (nanoflake, nano sphere and 





Fig.5: Three-dimensional AFM view of SILAR deposited 
cobalt selenide thin films in the presence of TEA. 
 
 
Structural studies confirm that the films prepared using 
triethanolamine were polycrystalline in nature (Figure 6). 
Several diffraction peaks such as (002), (022), (113), (222), 
(135), (006), (246), (355), (337) and (066) could be 
observed. The obtained d-spacing values matched well with 
JCPDS data (Reference: 98-004-4857) as shown in Table 3. 
The number of diffraction peaks increased to ten peaks if 
compared to films prepared using ammonia (4 peaks), 
indicating more favourable condition for the formation of 
cobalt selenide (Co9Se8) thin films. The TEA complex 
resulted in better crystallinity as reported by other 
researchers [54-56].  
 
 
Fig.6: X-ray diffraction pattern for the cobalt selenide thin 
films prepared in the presence of TEA. 
 
 Int. J. Thin. Fil. Sci. Tec. 10, No. 3, 205-215 (2021)/ http://www.naturalspublishing.com/Journals.asp                                            209 
  
 
        © 2021 NSP 
         Natural Sciences Publishing Cor. 
 
Table 3: Comparison of observed d-spacing values with 
standard d-spacing values of cobalt selenide thin films by 
using TEA. 
 







16.7 002 5.3 5.2 
24.5 022 3.6 3.7 
28.6 113 3.1 3.1 
30.1 222 3.0 3.0 
51.7 135 1.8 1.8 
53.1 006 1.7 1.7 
68.9 246 1.4 1.4 
69.6 355 1.3 1.3 
74.2 337 1.28 1.27 
75.6 066 1.25 1.23 
 
The optical properties of cobalt selenide thin films were 
studied and the absorption spectrum was displayed in Figure 
7 (in the wavelength of 300 to 1000 nm). The results 
confirmed that high absorption in the visible range, 
indicating these films could be used in solar cell applications. 
The plot of (Ahν)2 against hν is indicated in figure 8. Band 
gap could be measured when extrapolation of the linear 
portion of the curve to (Ahν)2=0. The band gap was about 1.9 
eV. The band gap has vital importance in photovoltaic 
related applications. The thin films have band gap of 1 to 2 




Fig. 7: Optical absorbance spectrum of cobalt selenide thin 




Fig. 8: Plot of (Ahv)2 against (hv) of cobalt selenide thin 
films prepared in the presence of TEA. 
 
The AFM measurements were scanned in 1 µm X 1 µm area.  
In the AFM image, several large grains (average diameter is 
0.05 µm) were clearly apparent in the surface of substrate 
(figure 9). Non-uniform grain size could be observed for the 
films prepared using Na2EDTA (Ethylenediaminetetraacetic 
acid disodium salt), indicating this complexing agent is not 
favorable. The film thickness and surface roughness were 




Fig.9: Three-dimensional AFM view of SILAR deposited 
cobalt selenide thin films in the presence of Na2EDTA. 
 
The XRD results reveal that the cobalt selenide 
(Co9Se8) films prepared by addition Na2EDTA exhibited 
poor crystallinity. In this XRD analysis, prepared sample 
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indicated single diffraction peak (figure 10), attributed to 
(111) plane. The observed d-spacing value was matched 




Fig.10: X-ray diffraction pattern for the cobalt selenide thin 
films prepared in the presence of Na2EDTA. 
 
Table 4: Comparison of observed d-spacing value with 
standard d-spacing value of cobalt selenide thin films by 
using Na2EDTA. 
 








13.03 111 6.7 6.0 
 
The optical absorption spectrum was recorded in the 
wavelength range between 300 to 1000 nm using UV-visible 
spectrophotometer. From the figure 11, noted that the highest 
absorbance value could be observed in the short wavelength. 
Similar results have been described in binary, ternary and 
quaternary thin films [60,61]. However, absorbance reduces 
with the increase in the wavelength. In the near infra-red 
region, the curves reveal a very low absorption of energy 




Fig.11: Optical absorbance spectrum of cobalt selenide thin 
films prepared in the presence of Na2EDTA. 
 
 
Fig.12: Plot of (Ahv)2 against (hv) of cobalt selenide thin 
films prepared in the presence of Na2EDTA. 
 
The role of complexing agent in synthesis of thin films 
has been reported by many researchers. Several types 
of complexing agents such as hydrazine hydrate, 
triethylamin, nitrilotriacetic acid, glycine, tri-sodium 
citrate and tartaric acid were used during the deposition 
of thin films. Thin films prepared in the presence of 
complexing agent reduced the deposition rate due to 
higher complexation, improved the quality of thin 
films. Table 5 indicated that the obtained experimental 
results strongly depended on the amount of complexing 
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Table 5: Thin films have been prepared by using various different complexing agents. 
Thin films Highlighted results Complexing agent 
zinc selenide 
 
• Deposition was carried out in alkaline conditions, low 
temperature via chemical bath deposition method as 
reported by Hile and co-workers [63]. 
 
• Morphological studies revealed that spherical grain 
changed to nano-flakes when the complexing agent 





• Chemical bath deposition method was used to synthesis 
thin films onto glass slide as highlighted by Fekadu and 
Dejene [64]. 
• The major diffraction peak could be observed in the 
(111) plane, higher intensity of the diffraction peaks 







• The growth thin films at room temperature onto glass 
slide through chemical bath deposition method as 
described by Yadu and co-workers [65]. 
• Ho-doped (Cd-Ag)S films have smaller particle size if 
compared to as-deposited films. Also, these films 





• The complexing agents that produce stable complexes 
with the Zn2+ ions in the reaction bath. S2− has been 
released from the decomposition of thiourea in the 
presence of hydroxide as pointed out by Kazi and co-
workers [66]. 
• A high concentration of the complexing agent, causes 
to a heterojunction reaction on the substrate surface. 
Tri-sodium 
citrate 
and tartaric acid 
PbS 
 
• Thin films were prepared using chemical bath 
deposition method as explained by Chalapathi and co-
workers [67]. 
• The films prepared in the presence of complexing agent 







• Chemical bath deposition method was used to produce 
thin films as reported by Gaitan and co-workers [68]. 
 
• The films prepared using complexing agent formed 
thicker films, better grain connectivity, and the 
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• Thin films were synthesized using chemical bath 
deposition at 80 °C as highlighted by Sengupta and 
Pateria [69]. 
• The obtained films indicated high transmittance, low 
reflectance found in the visible region. Also, results 
exhibited high photocurrent is found, and good 




• Electro deposition was used to prepare thin films as 
pointed out by Demir [70]. 
• Deposition was carried out onto indium tin oxide glass, 
pH 5, deposition time (2700 seconds), and deposition 
potential of -1.05 V. 
• Formation of stoichiometric kesterite structure as 
indicated in XRD analysis. 
Trisodium citrate 
PbS • Thin films have been synthesized onto glass slide in 
alkaline conditions, using chemical bath deposition 
method as concluded by Yesica and Luis [71]. 
• The films showed unique properties such as highly 





• Solvothermal method was used to produce thin films as 
described by Hadeethi and co-workers [72]. 
• The films prepared showed single phase nanocrystals, 
high purity and excellent crystallinity. 
glycine 
ZnS • Chemical spray pyrolysis method was used to produce 
thin films as pointed out by Offor and co-workers [73]. 
• Morphology studies revealed that nano dot-like and nano 
rod-like crystals were observed with increasing molar 
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5 Conclusions  
The cobalt selenide thin films were deposited onto soda lime 
glass by using SILAR method under various complexing 
agents. AFM studies demonstrated that surface morphology 
was markedly affected by the nature of the complexing 
agents. XRD data confirmed that obtained thin films (using 
ammonia and triethanolamine) were polycrystalline with 
well-developed phases. Experimental results confirmed that 
complexing agent played an important role in the formation 
of the thin films.  
Acknowledgements  
 
Research work funded by INTI International University 
(INTI Internal Research Grant INTI –CAE-01-01-2018). 
References  
[1] B. Marcin, S. Marek, L. Vira, Z. Boguslaw, W. Simka. Atomic layer 
deposited ZnO films on stainless steel for biomedical applications, 
Archives Civil and Mechanical Engineering, 2021; 
https://doi.org/10.1007/s43452-020-00148-5.  
[2] D. Hile, H. Swart, F. Koao, B. Pawade, E. Kroon. Synthesis and 
characterization of europium doped zinc selenide thin films prepared 
by photo-assisted chemical bath technique for luminescence 
application, Materials Chemistry and Physics, 2021; 
https://doi.org/10.1016/j.matchemphys.2021.124303.  
[3] T. Gupta, P. Chauhan. Impact of N+ ion implantation on the properties 
of ZnSe thin films, Journal of Materials Science: Materials in 
Electronics., 32, 6185-6198, 2021..  
[4] Z. Zeng, S. Xue, S. Wu, X. Gan, W. Han. Synthesis, field emission and 
optical properties of ZnSe nanobelts, nanorods and nanocones by 
hydrothermal method, Materials Science in Semiconductor 
Processing., 31, 189-194, 2015.  
[5] M. Taj, M. Farhan, M. Arshad, A. Shah. Synthesis of thermally 
evaporated ZnSe thin film at room temperature, Thin Solid Films, 
519, 5971-5977, 2011.  
[6] S.M. Ho. Chemical bath deposited lead sulphide thin films: Preparation 
and characterization, World of Mechanics., 1-6, 2014.  
[7] S. Atan, K. Anuar, S.M. Ho, W. Tan, N. Saravanan. Effect of deposition 
period and pH on chemical bath deposited Cu4SnS4 thin films, 
Philippine Journal of Science., 138, 161-168, 2009.  
[8] B. Tom, G. Zoppi, B. Leon, D. Major. Incorporation of CdSe layers into 
CdTe thin film solar cells, Solar Energy Materials and Solar Cells, 
180,196-204,  2018.   
[9] M. Shanmugam, S.M. Ho, J. Markna, M. Mordiya. Review on dye 
sensitized solar cells based on polymer electrolytes, International 
Journal of Engineering & Technology., 7,3001-3006, 2018.  
[10] S.M. Ho, M. Othman, M. Adam, K. Mohanraj. A short review on 
Raman studies of metal chalcogenide semiconductor thin films, Asian 
Journal of Chemistry., 33,1481-1487, 2021. 
[11] E. Nogales, B. Mendez, J. Piqueras, R. Plugaru. Scanning tunneling 
microscopy and spectroscopy of nanocrystalline silicon films, 
Semiconductor Science and Technology, 2001; 
https://doi.org/10.1088/0268-1242/16/9/309.   
[12] H. Soonmin. Metal selenide semiconductor thin films: a review, 
International Journal of ChemTech Research., 9 , 390-395, 2016. 
[13] K. Haleh, E. Parisa. Structural Properties of Indium Sulfide Thin Films 
Produced by CBD Method at Different Deposition Temperature, 
Indian Journal of Science and Technology, 2015; 
DOI: 10.17485/ijst/2015/v8i35/85916. 
[14] S.M. Ho. Chalcogenide thin films prepared using chemical bath 
deposition method, Research Journal of Applied Sciences, 
Engineering and Technology, 11 (2015) 1058-1065.  
[15] S.M. Ho. Preparation and characterization of nickel oxide thin films: a 
review, International Journal of Applied Chemistry, 12 (2016) 87-93.  
[16] K. Anuar, S.M. Ho, K. Noraini, N. Saravanan. XRD and AFM studies 
of ZnS thin films produced by electrodeposition method, Arabian 
Journal of Chemistry., 3, 243-249, 2010. 
[17] M. Abdeljalil, A. Taher, R. Shaaban. Applying optical swanepoels 
model to access the effect of UV irradiated time on optical properties 
of ZnSe thick film, International Journal of Thin Film Science and 
Technology, 10, 137-142, 2021. 
[18] I. Najm, M. Kadhim, A. Ali. Investigation the CuS thin film prepared 
by pulsed laser deposition, Materials Today., 42, 2609-2615, 2021.  
[19] G. Evgeny, D. Savin, T. Tatyana, U. Dmitry, K. Sergey. Spray 
pyrolysis deposited Cr and In doped CdS films for laser application, 
Optical Materials, 2021; 
https://doi.org/10.1016/j.optmat.2021.111153.  
[20] G. Kapil, S. Kumar. Effect of Post Annealing on the Structural 
Properties of Vanadium Oxide Thin Film Deposited by RF 
Sputtering, Indian Journal of Science and Technology, 2017; 
DOI: 10.17485/ijst/2017/v10i42/115790.  
[21] A. Hamed. Synthesis and characterization of BaSrTiO3 perovskite thin 
films prepared by sol gel technique, International Journal of Thin 
Film Science and Technology., 10, 95-100, 2021.  
[22] O. Balayeva, M. Eyvazova, M. Mirsultanova. Role of temperature in 
the growth and formation of CdxZn1-xS/PVA nanocomposites through 
SILAR method, Materials Research Bulletin, 2021; 
https://doi.org/10.1016/j.materresbull.2020.111162.  
[23] S. Araz, F. Javid, P. Givi, A. Yashar. Formation of CdS/ZnS 
nanoparticles in polymer matrix by SILAR method: Experiments and 
exploring its optical properties with DDA calculations, Optik, 2021; 
https://doi.org/10.1016/j.ijleo.2021.166958.  
[24] K. Kumar, B. Balaji, P. Gnana, E. Reon. Investigations on SILAR 
coated CZTS thin films for solar cells applications, Phase 
Transitions, 2021; https://doi.org/10.1080/01411594.2021.1939874.  
[25] M. Anbazhagan, V. Siva, S. Abdul, A. Sultan. Optimization of 
adsorption and reaction time of SILAR deposited Cu2ZnSnS4 thin 
films: Structural, optical and electrochemical performance, Journal of 
Alloys and Compounds, 2021; 
https://doi.org/10.1016/j.jallcom.2020.158055.  
[26] S. Yosita, F. Liu, Q. Shen, Y. Witoon. Synthesis of Pb-doped CdS 
quantum dot using SILAR method on mesoporous TiO2 layer, Journal 
of Physics: Conference Series, 2021; https://doi.org/10.1088/1742-
6596/1719/1/012063.  
[27] T. Fowodu, Q. Adeniji, K. Odunaike. The growth and opto-electrical 
characterization of SILAR grown iron copper sulphide (FeCuS) 
ternary thin films, International Journal of Thin Films Science and 
Technology., 10, 20217-11, 2021.  
[28] A. Bronusiene, A. Popov, I. Ancutiene. Effect of ascorbic acid on the 
properties of tin sulfide films for supercapacitor application, Surfaces 
and Interfaces, 2021https://dorg/10.1016/j.surfin.2021.101275.  
[29] O. Kola, A. Adeniji, A. Sheu, A. Alabi. Effect of Different Silar Cycle 
on Chemically Deposited Zinc Copper Sulphide (ZnCuS), 
International Journal of Thin Films Science and Technology., 10 117-
120, 2021. 
      214                                                                                                       H. Soonmin.: The influence of different complexing … 
 
  
© 2021 NSP 
Natural Sciences Publishing Cor. 
 
[30] P. Sapna. K. Preetha. Effect of pH on SILAR deposited CTS thin films. 
IOP Conference Series: Materials Science and Engineering, 2019; 
doi:10.1088/1757-899X/577/1/012086.  
[31] Spherical or grain-shaped semiconductor element for use in solar cells 
and method for producing the same; method for producing a solar cell 
comprising said semiconductor element and solar cell. 
https://patents.google.com/patent/US20070089782. [Accessed on 18 
July 2021] 
[32] M. Gaur, P. Hankare, S. Mulla, M. Bhuse. Morphological and optical 
properties of mixed cadmium cobalt selenide thin film synthesized by 
chemical bath deposition method for photo electrochemical 
applications, Journal of Materials Science: Materials in Electronics, 
27,7603-7608, 2016.  
[33] A. Panneerselvam, C. Nguyen, J. Waters, A. Malik, O. Paul. Ligand 
influence on the formation of P/Se semiconductor materials from 
metal organic complexes, Dalton Transactions, 2008; 
https://doi.org/10.1039/B802012D.  
[34] K. Pathan, H. Siddiquee, S. Alam, O. Islam. Structural and optical 
characterization of CdS and CdHgTe thin films for the fabrication of 
CdHgTe/CdS structure, Journal of Materials Science: Materials in 
Electronics, 24, 745-751, 2013.  
[35] M. Khalaf, M. Baha, I. Ausama, A. Anwar. Influence of nanocrystalline 
size on optical band gap in CdSe thin films prepared by DC 
sputtering, Photonics and Nanostructures-Fundamentals and 
Applications., 18 , 59-66, 2016.  
[36] S. Teo, Z. Zainal, W. Tan, H. Imad. Potentiostatic deposition of copper 
indium disulfide thin films: effects of cathodic potentials on the 
optical and photo electro chemical properties, The Malaysian Journal 
of Analytical Sciences., 12, 600-608, 2008. 
[37] H. Sachin, K. Patil, S. Lad, M. Bhagwat. Optical study of ZnS solid 
thin film prepared by spray pyrolysis technique, Archives of Physics 
Research., 4,7-11, 2013. 
[38] G. Jigi, T. Abza, A. Girma. Synthesis and characterization of 
aluminium dope zinc sulfide (Al:ZnS) thin films by chemical bath 
deposition techniques, Journal of Applied Biotechnology and 
Bioengineering., 8, 55-58, 2021. 
[39] C. Kumarage, P. Wijesundera, N. Kaur, D. Zappa, A. Jayalath. A 
comparative assessment: chemical bath deposited and 
electrodeposited CdS films, International Journal of Electroactive 
Materials, 7,1-6, 2019.   
[40] A. Kassim, S.M. Ho, H. Abdul, W.T. Tan, N. Saravanan. Deposition 
and characterization of Cu4SnS4 thin films by chemical bath 
deposition method, Macedonian Journal of Chemistry and Chemical 
Engineering., 29, 97-103, 2010.   
[41] K. Anuar, S.M. Ho, M. Yazid. UV-visible studies of chemical bath 
deposited NiSe thin films, International Journal of Chemical 
Research., 3, 21-26, 2011. 
[42] N. Saravanan, S.M. Ho, A. Kassim, W. Tan, D. Teo. Chemical bath 
deposition of nickel sulphide (Ni4S3) thin films, Leonardo Journal of 
Sciences., 16, 1-12, 2010.  
[43] S.M. Ho. Power conversion efficiency in thin film solar cell: a review, 
International Journal of Chemical Sciences, 14, 143-151, 2016.   
[44] T. Sinha, L. Verma, K. Ayush. Variations in photovoltaic parameters 
of CdTe/CdS thin film solar cells by changing the substrate for the 
deposition of CdS window layer, Applied physics A, 2020; 
https://doi.org/10.1007/s00339-020-04058-4.   
[45] N. Ghobadi, F. Hafezi, S. Naderi, M. Habibi. Microstructure and 
optical band gap of cobalt selenide nanofilms, Semiconductors., 53  
1751-1758, 2019.  
[46] F. Liu, B. Wang, Y. Lai, Z. Zhang, Y. Liu. Electrodeposition of cobalt 
selenide thin films, Journal of The Electrochemiccal Society, 2010; 
https://doi.org/10.1149/1.3468675.   
[47] G. Muddsar, P. Hankare, G. Kalyanrao, M. Imtiaz, V. Bhuse. 
Morphological and optoelectronic studies on poly crystalline leaf like 
cobalt selenide thin film synthesized using chemical bath deposition 
technique, New Journal of Chemistry, 2014; 
DOI: 10.1039/C3NJ00924F.    
[48] L. Zhu, A. Lam, D. Susac, M. Teo, R. Parsons. Structure of sputtered 
Co-Se thin films prepared for an application in catalysis, Journal of 
Solid State Chemistry., 179, 3942-3948, 2006..   
[49] B. Wang, Y. Liu, L. Jie, Y. Lai, Z. Zhang. Preparation and 
characterization of Co-Se thin films by electro deposition, Journal of 
Inorganic Materials, 2011; DOI: 10.3724/SP.J.1077.2011.00403.    
[50] D. Nina, A. Anna, A. Marcela. Mechanochemically synthesized cobalt 
monoselenide: structural characterization and optical properties, 
Applied Physics A, 2017; https://doi.org/10.1007/s00339-017-0785-
9.   
[51] K. Manikandan, P. Mani, S. Dilip, S. Valli, H. Inbaraj. Effect of 
complexing agent TEA: The structural, morphological, topographical 
and optical properties of FexSx nano thin films deposited by SILAR 
technique, Applied Surface Science., 288, 76-82, 2014.  
[52] K. Preetha., K. Deepa, C. Dhanya, T. Remadevi. Role of complexing 
agents on chemical bath deposited PbS thin film characterization, IOP 
Conference Series: Materials Science and Engineering, 2015; 
https://doi.org/10.1088/1757-899X/73/1/012086. 
[53] V. Kishorkumar, S. Sawanta, B. Nita, R. Rohini. Development of 
nanocoral-like Cd(SSe) thin films via arrested precipitation technique 
and their application, New Journal of Chemistry., 38,  5964-5974, 
2014. 
[54] H. Cavusoglu, R. Aydin. Complexing agent triethanolamine mediated 
synthesis of nanocrystalline CuO thin films at room temperature via 
SILAR technique, Superlattices and Microstructures., 128 , 37-47, 
2019.  
[55] S. Patil, A. Singh. Effect of complexing agent on the photo 
electrochemical properties of bath deposited CdS thin films, Applied 
Surface Science., 256 , 2884-2889, 2010.  
[56] A. Okereke, A. Ezenwa, A. Ekpunobi. Effect of complexing agent 
(TEA) on chemically deposited silver selenide thin films, 
International Journal of Science and Technology, 2, 155-158, 2012. 
[57] G. Jarosz, M. Rafal, S. Ryszard. Effect of band gap on power 
conversion efficiency of single-junction semiconductor photovoltaic 
cells under white light phosphor-based LED illumination, Materials 
Science in Semiconductor Processing, 2020; 
https://doi.org/10.1016/j.mssp.2019.104812.  
[58] K. Teodor, S. Singh, M. Bishop, M. Oki. Ultrathin high band gap solar 
cells with improved efficiencies from the world oldest photovoltaic 
material, Nature Communications, 2017; 
https://doi.org/10.1038/s41467-017-00582-9.  
[59] Z. Xiao, Y. Zhou, H. Hideo, T. Kamiya, P. Nitin. Bandgap optimization 
of perovskite semiconductors for photovoltaic applications, 
Chemistry A European Journal., 24, 2305-2316, 2018. 
[60] O. Erken, M. Gunes, D. Ozaslan, C. Gumus. Effect of the deposition 
time on optical and electrical properties of semiconductor ZnS thin 
films prepared by chemical bath deposition, Indian Journal of Pure & 
Applied Physics., 55, 471-477, 2017. 
[61] O. Oluwatoyin. Preparation and Characterization of ZnS Thin Films 
Grown by Spin Coating Technique, Tanzania Journal of Science, 46, 
534-547, 2020. 
[62] I. Ezenwa, N. Okereke. Effects of Ligand on the Absorbance and 
Transmittance of Chemical Bath Deposited Zinc Sulphide Thin Film, 
Advances in Applied Science Research, 3 (2012) 2821-2825.  
[63] D. Hile, H. Swart, S. Motloung, E. Motaung. Effect of hydrazine 
hydrate as complexing agent in the synthesis of zinc selenide thin 
 Int. J. Thin. Fil. Sci. Tec. 10, No. 3, 205-215 (2021)/ http://www.naturalspublishing.com/Journals.asp                                            215 
  
 
        © 2021 NSP 
         Natural Sciences Publishing Cor. 
 
films by chemical bath deposition, Thin Solid Films, 2020; 
https://doi.org/10.1016/j.tsf.2019.137707.  
[64] H. Fekadu, B. Dejene. Chemosynthesis of nanostructures lead sulphide 
thin films from triethylamin (Et3N) complexing agent, Inorganic 
Chemistry Communications, 2020; 
https://doi.org/10.1016/j.inoche.2019.107583.  
[65] G. Yadu, K. Deshmukh. Study of Ho doped (Cd-Ag)S thin films 
prepared by CBD method, Optical and Quantum Electronics, 2021; 
https://doi.org/10.1007/s11082-021-02828-9. 
[66] M. Kazi, B. Asfia, P. Sultana. Chemical bath deposition of aluminum 
doped zinc sulfide thin films using non-toxic complexing agent: 
Effect of aluminum doping on optical and electrical properties, AIP 
Advances, 2020; https://doi.org/10.1063/5.0011191.   
[67] U. Chalapathi, S. Park, W. Choi. Chemically grown highly crystalline 
PbS thin films with ethylenediamine tetraacetic acid complexing 
agent, Materials Science in Semiconductor Processing, 2021; 
https://doi.org/10.1016/j.mssp.2021.106022.  
[68] R. Gaitan, A. Gonzalez, J. Garcia. Cubic tin sulfide thin films by a Sn-
NTA system based chemical bath process, Materials Letters, 2021; 
https://doi.org/10.1016/j.matlet.2020.129222.  
[69] S. Sengupta, M. Pateria. Structural and optical properties of Pr doped 
CuInS2 thin films synthesized by chemical bath deposition, IOP 
Conference Series: Materials Science and Engineering, 2021; 
https://doi.org/10.1088/1757-899X/1120/1/012013.  
[70] K. Demir. The investigation of the corrosion behavior of CZTS thin 
films prepared via electrodeposition, Materials Science in 
Semiconductor Processing, 2021; 
https://doi.org/10.1016/j.mssp.2020.105553. 
[71] B. Yesica, A. Luis. Chemically deposited PbS thin films by reaction 
media with glycine for use in photovoltaics, Materials Science in 
Semiconductor Processing, 2021; 
https://doi.org/10.1016/j.mssp.2020.105405. 
[72] Y. Hadeethi, M. Mkawi, A. Omar, E. Bekyarova. Solvothermal 
synthesis of kesterite Cu2ZnSnS4 nanocrystals: Influence of glycine 
complexing agent concentration on properties, Ceramics 
International, 2021; https://doi.org/10.1016/j.ceramint.2020.12.287.   
[73] P. Offor, S. Ude, F. Otung, G. Whyte, A. Bashir. Effect of 
concentration of trisodium citrate complexing agent on spray-
synthesized ZnS thin films, Materials Today, 36, 133-140, 2021.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
